Although there have been many advances in the taxonomy and diagnosis of species of the genus Cryptococcus, there is a continuing need for simple and reliable laboratory procedures to differentiate these organisms. In an attempt to improve biochemical identification of the cryptococci, we refined and applied a battery of tests, which we call the "amide test," for differentiation of type or representative strains of described species of Cryptococcus (except C. vishniacii, for which no strain was available at the time this work was done). In the present study, these strains were compared with several strains of C. neoformans and of two other species, C . aibidus and C . uniguttulatus, that have been implicated in human pathology (2, 4, 5, 8) .
MATERIALS AND METHODS
Yeast strains. Eighty strains of Cryptococcu~ spp. were studied; 48 were from various collections, and 32 were isolated, from pigeon droppings, in our laboratory during an ecological study of the genus from 1 October 1978 to 31 April 1979.
Collection strains of cryptococci studied were from the American Type Culture Collection (ATCC), 30, 110 to 121, 125 and 127 to 131; and C. uniguttulatus CAC 36, 39, 40, 46, 80, 82, 83 and 85. The identities of all strains were confirmed by means of the Emmons revision (3) of Phaff and Fell's method (6) .
Investigation of amidase activity (amide test). Individual amides were used as substrates to investigate the ability of the Cryptococcus species to hydrolyze them. The test was performed with tubes (15 by 150 mm) containing Christensen medium for detecting urease activity but with an individual amide instead of urea. The composition of the medium was as follows: peptone, 1 g; glucose, 1 g; sodium chloride, 5 g; potassium dihydrogen phosphate, 0.8 g; disodiurn phosphate, 1.2 g; phenol red, 0.012 g; agar, 14 g; distilled water, 1,000 ml.
The medium (950 ml) was prepared, sterilized, and cooled to 50°C; 50 ml of an individual arnide solution was then added. The pH was adjusted to 6.8, and the medium solidified in the inclined tubes.
The following amides were used: acetamide, 2%; acetazolamide, 0.5%; acrylamide, 0.25%; allantoin, 0.5%; allylurea, 0.25%; benzamide, 0.5% ; chloracetamide, 0.25%; formamide, 1%; malonarnide, 0.25%; niacinamide, 0.25%; propionamide, 0.25%; pyrazinamide, 0.25%; salicylamide, 0.25%; succinamide, 0.25%; thioacetamide, 0.25%; thiourea, 0.25%; and valeramide, 0.25%.
Stock solutions of the following amides were made and were sterilized by membrane (Millipore Corp., Bedford, Mass.) filtration; in each case, 50 ml of the solution was then added to 950 ml of the medium: acetamide (40%), formamide (20%), and 5% solutions of acrylamide, allylurea, chloracetamide, malonamide, niacinamide, propionamide, thioacetamide, and thiourea.
The weakly soluble amides were added directly to the medium at the following concentrations: acetazolamide, 0.5%; allantoin, 0.5%; pyrazinamide, 0.25%; salicylamide, 0.25%; succinamide, 0.25%; and valerarnide, 0.25%. The media were then tested for sterility and inoculated in streaks from 72-h-old cultures of cryptococci grown in Sabouraud medium with chloramphenicol. The tubes were incubated for 7 days at the optimum growth temperature for each species. As controls, all of the strains were cultivated on the basal medium without amide so that any changes in color owing to the production of ammonia from the peptone could be noted.
A positive amide reaction was manifested by a color change of the medium to pink. Readings were taken at 3, 5 , and 7 days.
RESULTS
Of the 17 amides studied, only 4 (acetazolamide, benzamide, chloracetamide , and salicilamide) were not hydrolyzed by any of the strains tested. The other amides tested and the species reactions are given in Table 1 . The strain num-bers are given in the table when only a single strain was studied; when there were more than one strain, the number of strains is given in parentheses.)
Of all amides studied, valeramide is clearly the most hydrolyzable; it gave strong results and sharp differences between organisms.
All of the C. neoformuns strains that we isolated had an amidase spectrum similar to that of C. neoformuns serotype d.
DISCUSSION
The ability to hydrolyze amides has not, until now, been applied to the cryptococci as a diagnostic test. However, with this test, new diagnostic criteria for the cryptococci are available. Furthermore, when Cryptococcus species are divided into those which are positive for the nitrogen assimilation test (7) and those which are negative for the nitrogen assimilation test, most of those in each group can be readily differentiated on the basis of the amides that they clearly hydrolyze.
Acetamide, allantoin, propionamide, thioacetamide, and valeramide constitute the basic diagnostic battery. With the addition of pyrazinamide and malonamide, the identification of the nitrate-positive species is possible. By adding formamide and thiourea, it is possible to identify the nitrate-negative species. The number of characters necessary for species characterization is less than that used by Phaff and Fell (6) , and thus the diagnostic procedure is simplified.
A diagnostic scheme for the genus Cryptococcus is presented in Fig. 1 . In the majority of cases, it is possible to identify a species with four amides. However, when this is not possible, it is sufficient to add one sugar assimilation test which, together with the culture characteristics of the yeast, establishes a definitive identification of the strain in question. In these cases, the sugar for the nitrate-positive species would be lactose (differentiating C . albidus var. albidus from C. albidus var. difluens) or inositol (assimilated by C. albidus var. albidus but not by C. bhutanensis). Maltose would be used for nitratenegative species; it is assimilated by C. mefibiosum but not by C. uniguttulatus. neoformans serotypes a, b, c, and d react- ed differently to the test amides, and it is thus possible to differentiate them on the basis of their hydrolytic capabilities. With malonamide, valeramide, and formamide, there were extremely marked differences. C. neoformans serotype a did not hydrolyze malonamide or valeramide, but C. neoformans serotypes b, c , and d did. Valeramide is an early marker (5 days) of serotypes b, c, and d ; it is also the first sign that differentiates C. neoformans serotype a from b, c, and d. C. neoformans serotype d is negative for formamide, whereas C. neojormans b and c are positive. C. neojormans serotypes b and c are differentiated by the earlier hydrolysis (5 days) by C. neoformans serotype b of formamide and the stronger pink of the medium at day 7. C. neoformans serotype c is positive at 7 days, and the color is pale pink. This differentiation between serotypes b and c demonstrates the added advantage of the amide test. Bennett et al.
(1) were only able to differentiate C . neoforrnan.y serotypes b and c from a and d , and then only after using an assimilation test of three dicarboxylic acids.
The present data indicate that the amide test, especially the hydrolysis of valeramide and formamide, can be used in place of the classical serotyping of Evans to differentiate biochemically the serotypes of C. neoformans.
